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of stability in post-1915-cohort total rate of fertility after the earlier
fairly steady decline, and the rapid evolution which these cohorts expe-
rienced in age pattern of first marriage, in striking departure from the
cohorts aged 15-19 before 191 %.7’; (That specifying a different combination
of data re-expression and fitting may better accommodate such variations
has already been suggested.)

In the context of the full 185-year sequence of a;'s and Bi:'s for
the X15 and X20 histories, the periods 1910-1920 and the period around
1940 might be thought small aberations in an ongoing trend. One will
recall, however, that these periods were identified in earlier portions of
the analysis as transitions, appearing to involve both change in marital
fertility patterns and change in the age pattern of entry into cohabitation.
(Recall Fig. 1, evidence as early as the EHR fitting; also Fig. Il on
linear compensation of the marital fertility sequence parameters for total
rate of fertility and Fig. 12 on linear compensation of the overall fertility
sequence parameters for marital fertility. )

For a more vivid impression of some intersections of cohort and
cross-sectional experience, we superimpose the pairs of time vectors.
For example, with CIRB; centered on year at age 30-34 (Fig. 16A), one
sees that, before 1908, the extent to which the cross-sectional age distribu-
tion of functioning activity states was changing in degree and direction of
skewness was very similar to the extent to which cohorts then at the
central ages of childbearing were shifting their age pattern of activity to

younger or older ages. The patterns over time then diverge sharply. If




one moves the post-1907 ClSB::'s forward another 10-15 years on the
time line--(Fig. 16B shows a shift of 12 years, so that these cohort values
are then superimposed on those for XI‘SB? for the years 1920 and after)--
the patterns of change in the two skewness vectors are again extraordi-
narily similar for about 25 years before parting abruptly once more about
1945.

We learn more about the relation of these patterns by a further
dissection of the cohort parameter Bl By LS regression of Cl ’SB;: on
CT, we separate into the residuals that portion of change in B1 not
associated with change in level of fertility (Fig. 17). (The regression
coefficient and constant are included in Table 7, page 43.) The cohorts
with positive residuals are those whose distribution of functioning activity
states is skewed more toward the younger ages than would correspond on
the average to the level of fertility; the cohorts with negative residuals
are those with later age distributions of activity than would correspond
on the average to the level.

If we direct our attention to the cohorts aged 15-19 in 1892-1917 (and aged
30-34 in 1907-1932), we see that the divergence of cohort from cross-sectional
pattern over time in Fig. 16A begins precisely with those cohorts which
adopted an earlier than average age pattern of level-compensated activity.
The almost-superimposable behavior for 25 years in Fig. 16 B includes all of
these cohorts with the earlier pattern, and the divergence at 1945 is pre-

cisely with those cohorts which reverted to a later-than-usual age pattern of

level-compensated activity. (One may note that for the cohorts covered by

s mneas
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Fig. 16 B, total rate of fertility, expressed as mean number of children per

woman, dropped from 3.50 to 1. 88, while cross-sectional total rate in the

years 1920-1945 dropped from 3.23 to 1. 70 and rose again to 2.63.)
Comparison of the cohort and cross-sectional sequences of full

level-compensated distributions of functioning activity states (as for the

68-year marital and overall fertility sequences, pages 47 to 5l above)

is reserved for a later discussion of the parameters resulting from fine-

tuning the fits.

G3. Cohort vs. cross-sectional evidence for data points of lesser

accuracy

A major benefit of EHR analysis of fertility distributions was expected
to be the capacity to extract the underlying regularities while revealing the
points or periods of departure from the trend or the usual pattern. We
have concentrated in preceding sections on the regularities and their
further dissection, in order to learn more about the dynamics of change
over the time sequences. Here we open the question of the handling of
data of lesser accuracy.

Some errors, particularly in the population data before about 1840,
are thought to exist in the yearly data from Grunddragen used to calculate
the pre-1875 age-specific fertility distributions.ﬂ) (The possibility of
other common types of error --omissions of births, misplacement of
births in time, misplacement of women by age--must also be considered.)

From the EHR analysis, what general evidence of such errors is there?

The EHR-derived time parameters for X15 and X20 do not exhibit
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much year-to-year irregularity (Fig. 14). The only singular departures
are in B1 for 1783 and 1792. (Fig. 5 shows these two years to be aberrant
in the residuals also. )77 In contrast, the total rate of fertility fluctuates
rather widely from year to year before 1870. It appears that the age
distribution of births in cross-section may be fairly accurately represented
by the recorded data, even though the level of fertility may be variously
in error for the early years.
Cohort histories constructed from the cross-sectional age-specific

rates would reflect any year-specific errors in level in two ways:

The less accurate rates for one year would be disseminated

across seven cohorts at one five-year age group in each cohort.

Thus the age distribution of births in each of the cohorts would

be distorted in a different way.

The cohort total rate, the sum of the more or less accurate

age-specific rates across the seven age groups for a cohort,

would serve to average out errors in cross-sectional total rate.

Cohort total rate should thus follow a smoother course than

does cross-sectional total rate.
The picture given by the EHR cohort analysis is consistent with such a
dissemination of cross-sectional error. In conjunction with the five-year
lagged pattern in the residuals (Fig. 6) jumpiness is evident in both a:
and ﬁl at about five-year intervals over the early portion of the Cl5 and

C20 histories (Fig. 15). At the same time cohort total rate is much less

irregular than cross-sectional total rate.
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This outcome does not, of course, prove error, since circumstances
which actually altered fertility rates in a period would have a similar
impact on aggregate data. If volition is significant in determining when
potential activity states are functioning, cohort-to-cohort variation in the
timing of births over the reproductive span would lead to irregularity in
g cross-sectional total rate even when differences between cohorts in average
number of births per woman is small. The lagged pattern seen earlier
3 in the cohort residuals (Fig. 6) may, then, have different causes,or a com-
bination of causes, in different portions of this time history. One approach,
in this instance, may be to work backwards--reconstructing cross-sectional
rates from cohort rates after fine-tuning the EHR cohort fits. Broad under-
standing of fertility data and knowledge of the population's social history |

can be important aids in exploring choices in such a process.

H. Conclusions

Empirical higher rank (EHR) analysis proves to be a powerful means

of extracting the patterns which unify a long and varied time series of
age=-specific fertility schedules. Analyses of data in single-year time :
sequence demonstrate that dynamics of change as well as variety of
pattern can be captured in the fitted descriptions.

By emphasizing the centrality of examination of residuals in achieving

optimal fits and in interpretation of the fitted descriptions, the robust/

resistant and data-guided analyses reported here

’ ) . provide unusually close fitted descriptions of the diverse age

distributions of overall and marital fertility in both cross-sectional
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and cohort perspectives;

. take some major steps in reducing the variability in the fertility

data to a concise and coherent demographic picture which differs
in important ways from the descriptions other aggregate fertility
models have provided, while having some significant relations to
other models;

suggest ways of refining still further the fitted descriptions to
provide additional insight into the underlying structure of aggre-
gate fertility distributions, and ways of identifying and dealing
with error-ridden data.

Demographically guided choice of a standard form in which to use the
fitted descriptions so far developed leads to separation of the fertility
distributions in each time sequence (overall or marital) into three com-
ponents:

a nearly-fixed pattern of cumulation of births with age, on which

are imposed the major variations in the distribution, due to
change in level of fertility or to the timing of births;
a component which comprises the association of change in the level
of fertility with change in its age distribution;
a component which encompasses effects of the timing of births,
apart from level, on the age distribution of fertility.
This separation proves to be an effective one in efforts to discern in the
aggregate the relative contributions of the age-specific proportions of

women cohabiting and the age patterns of childbearing of cohabiting women.
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We present here not a 'finished'" model but informative and provoca-
tive steps in the continuing search for useful and more refined ways of
looking at the full diversity of fertility patterns in changing social milieux.
The success in developing a sound description of a long and varied fertility
history encourages a full exploratory analysis with extension of this

EHR-based work to cross-population comparisons of fertility distributions.
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FOOTNOTES

The work on which this paper is based was begun at the Office of Pop-
ulation Research and continued in the Department of Statistics at
Princeton University. I received useful criticisms from Ansley J.
Coale, Norman B. Ryder, and Barbara A. Anderson at various stages
of the work, and Donald R. McNeil gave generously of technical advice
during the early stages of the analysis. I am particularly indebted to
John W. Tukey for his advice and sustained interest.

Some notable examples are found in the "Brass methods' (brought
together in Brass, W., 1975, Methods for Estimating Fertility and
Mortality from Limited and Defective Data, An Occasional Publication,

Chapel Hill: University of North Carolina, International Program of
Laboratories for Population Statistics); and in the Coale indices
(Coale, A.J., 1967, "Factors associated with the development of low
fertility: an historic summary,” in New York: United Nations,
World Population Conference, 2, pp. 205-209) subsequently used in

Assoc. 67, pp.743-749.

a series of monographs on the decline of fertility in Europe (Coale,
A.J.. Anderson, B.A., and Harm, E.; Knodel, J.E.; Lesthaeghe, R.;
Livi- Bacci, M.; Van de Walle, E., Princeton: Princeton University
Press: Forrest, J.D., Ph.D. dissertation, Princeton University.)

An example of productive reappraisal of admittedly flawed data, using
new techniques, is found in Barclay, G.W., Coale, A.J., Stoto, M.A.,
and Trussell, T.J., 1976, "A reassessment of the demography of
traditional rural China," Population Index, 42, pp.606-635.

See Keyfitz, N., 1977, Introduction to the Mathematics of Population,
with revisions, Reading, Mass.: Addison-Wesley, pp.140-169, and
Brass, W., 1974, "Perspectives in population prediction: Illustrated
by the statistics of England and Wales,” Jour. Royal Statist. Soc. A
137, pp.532-583, for discussions of the most widely studied functions
and the extent to which they fall short of describing a range of fertility
distributions accurately.

Coale, A.J., 1971, "Age pattern of marriage," Population Studies
25, pp.193-214.

Coale, A.J. and McNeil, D.R., 1972, "The distribution by age of the
frequency of first marriage in a female cohort, """ J. Amer. Stat.

Coale, A.J. and Trussell, T.J., 1974, "Model fertility schedules:
variations in the age structure of childbearing in human populations,"
Population Index 40, pp.185-258.
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Since a given population may depart, to a greater or lesser degree,
from the assumptions and external standards on which the model
schedules are based, the model parameters may not, of course,
retain precise demographic meaning in fitting actual fertility sched-
ules. Coale and Trussell report that the discrepancy is especially
pronounced when marriage or childbearing patterns are changing
(loc. cit. in footnote 4, p. 193).

6. McNeil, D.R., and Tukey, J.W., 1975, "Higher-order diagnosis of
two-way tables, illustrated on two sets of demographic empirical
distributions,” Biometrics 31, pp.487-510.

Tukey, J. W., 1977, Exploratory Data Analysis, Reading, Mass.:
Addison-Wesley.

8. See Mosteller, F., and Tukey, J.W., 1977, Data Analysis and
Regression, Reading, Mass.: Addison-Wesley, particularly
pp. 351-358, for discussion of the desirable properties of the bi-
weight in such procedures.

2 Single-year schedules were preferred because of the belief that the
variability in data at this level of detail contains useful demographic
information not captured in ten-year or five-year averages even

when systematic long-term changes over time are gradual.

10. For a concise description of the sources of Swedish population
statistics from the earliest times, and for a discussion of the quality
of the data and the adjustments that have been made to early data,
sce Hofsten, E. and Lundstrom, H., 1976, Swedish Population
History, Stockholm: National Central Bureau of Statistics.

b. Although 1814 was the last year in which Sweden was actively engaged
in a war, subsequent conflicts have affected the country to a greater :
or lesser degree. (For example, the possible effects of World War II
on Swedish fertility are considered in Hyrenius, H., 1946, '""The

relation between birth rates and economic activity in Sweden 1920-
1944, Bulletin of the Oxford University Institute of Statistics 8,
pp.14-21.)

12. The extensive records of economic and social variables also encour-
age later tests of the value of a derived fertility model's parameters
in substantive research on economic and social change.

13, Sweden, 1878, _Grunddrag af Sveriges Befolknings-Statistik for aren
’ ]748-187:5, Stockholm: National Central Bureau of Statistics.

Sweden, 1875-1910, Sveriges Officiella Statistik: Befolknings-
Statistik, Stockholm: National Central Bureau of Statistics.
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Sweden, 1911-1959, Sveriges Officiella Statistik: Befolkningsrorelsen,
Stockholm: National Central Bureau of Statistics.

Data for single years through 1875, as adjusted for obvious
omissions and published by the Bureau in the single appendix
Grunddragen, were preferred to Sundbarg's later more extensively
revised figures by five-year periods up to 1860. Even with some
errors, a larger number of data points have advantages over aggre-
gated data for the exploratory type of analysis proposed here.

The marital fertility history covers that portion of the overall
fertility history for which recorded data allow calculation of yearly
age-specific marital fertility rates. Before 1892, decennial reports
of population by age and marital status combined are available,
beginning with the census of 1870. Reporting of confinements by age
of mother and legitimacy of birth combined began in 1868.

The series was stopped at 1959 because of the wish to include as
full a variety of age patterns of childbearing as would be consistent
with related analysis of overall and marital fertility, but to stop
short of the recent increased dissociation of childbearing from
marriage. There will be value now in extending the series to see
how new cohabitation and marriage patterns are influencing the age
distributions of overall and marital fertility as seen through EHR
parameters.

14. Social and political factors contributing to eighteenth and early nine-
teenth century marriage patterns are discussed in Utterstrom, G.,
1962, '"Labour policy and population thought in eighteenth century
Sweden,'" Scandinavian Economic History Review 10, pp.262-279.

A view of Swedish marriage changes in terms of proportion of years
between ages 15 and 50 lived in the married state by a birth cohort

of women, 1751-1901, will be found in Ryder, N. B., "The influence
of declining mortality on Swedish reproductivity,” Current Research
in Human Fertility, Proceedings of a round table at the 1954 annual
conference, Milbank Memorial Fund, pp.65-81. An analysis of
single-year marriage entry patterns of post-1850 bhirth cohorts will
be found in Ewbank, D.C., 1974. An Examination of Several Applica-
tions of the Standard Pattern of Age at First Marriage, Ph.D. dis-
sertation, Princeton University.

L5y For a summary of government efforts, beginning in 1937, to encourage
marriage in some segments of the population, see Glass, D. V., 1967,
Population Policies and Movements, London: Cass, pp.327-331.

16. Page has examined the effect of marriage duration, independent of

’ age, on the childbearing pattern in Sweden since 1911. (Page, H.J.,
1977, '""Patterns underlying fertility schedules: A decomposition by

both age and marriage duration,' Population Studies 31, pp.85-106.)
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24.

In each year from 1911, when recording of births by duration of
marriage began, until 1959, the final year of the fertility sequences
analyzed in the present report, apptroximately 75-85% of all legit-
imate births to women aged 15-19 and approximately 34-45% of all
legitimate births to women aged 20-24 are reported to have been
premaritally conceived. See Hofsten and Lundstrom, op. cit. in
footnote 10, pp.26-29, as well as Sveriges Officiella Statistik:
Befolkningsrorelsen, 1913-1959.

Henry, L., 1961, ""Some data on natural fertility,' FEugenics Quarterly
8, pp- 81-91.

beginning in 1955, live births

Data by single year of age of mother are available after 1890, but
will not be considered in the present analysis since our interest here
is in demonstrating how much can be learned from more widely
available five-year age group data by this exploratory approach.
Considerable real irregularity is, of course, averaged out in the use
of these five-year age groups. Significant change (for example, in
marriage patterns) may also occur within such an age group.

These are not, of course, true cohorts, but overlapping approxima-
tions cut on the bias.

-]

The sum of age-specific rates for the five-year age groups, :Ilf(a)
expressed in the rate for women at age cut 49/50, will be ref'(]‘rrod
to as ''total rate.'" Multiplication of this rate by five gives, for each
cohort, the mean completed fertility per woman, and gives for each
cross-sectional schedule the conventional expression of TFR, or
mean number of children per woman over the childbearing years of
a synthetic cohort.

The parameters for XX15 and XX20 can be expected to differ slightly
from those for X15 and X20 because the former are developed by
fitting the fertility experience of the last 68 years alone, divorced
from the experience of the preceding 117 years. The time param-
eters a] and Bl for the XX15 and XX20 histories are seen below to

follow the same patterns of variation as those of the X15 and X20
histories, however, and to differ mainly in level (see pages 87 and
C2). Fitting the shorter sequence alone does contribute to fine-
tuning of the fit for that portion of the longer scquence.

Results of a corresponding analysis of cohort overall and marital
fertility sequences for the last 38 cohorts, those aged 15-19 in
1892-1929, will be referred to but not reported in detail here.
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In an extended EHR analysis, the possible value of further truncation

can be explored.
McNeil and Tukey, loc. cit. in footnote 6.
Comparison of results for the various combinations are included in

Breckenridge, M. B., 1976, Time Series Model of Age-Specific
Fertility: An Application of Exploratory Data Analysis, Ph.D. dis-

sertation, Princeton University.

The iterative fitting procedures and display programs implemented
by McNeil in APL for use with large data sets and an interactive
computer are brought together in McNeil, D.R., 1977, Interactive
Data Analysis, New York: Wiley.

E. J. Orav (1977), An Expanded Exploratory Data Analysis Study
of Age-Specific Fertility, Senior thesis, Princeton University) has

since tested a variety of five- and six-parameter models and one
eight-parameter model on the X15 sequence, using the folded square
root re-expression and various weightings.

While this measure is less sensitive to a small number of large
residuals than is a squared variation criterion of fit, it can still
produce a misleading impression of poor fit from a very good overall

fit with a few outliers.' This criterion of fit is best used, therefore,
in conjunction with detailed examination of residuals to determine !
the nature of departures from fit. A recently developed robust i

measure of variance of residuals proves, in many contexts, to be a

more useful measure of fit, one less distorted by "outliers."” This
2

&~ . . - . . - 2

Shi ! described in Mosteller and Tukey, op. cit. in footnote 8, :

1 §

;

pp.207-208, has been used, in a slightly modified form, in exten-

sions of the present work to simplify choice between fits.

T ——

The similarity to the logit which Brass has used so productively

will be noted.

If the fitting had started instead with the time dimension of the
matrix, a similar, but probably not precisely equivalent fitted
description would have been generated.

The general case includes variation at either end cut in relation to
the other; but in a fertility distribution cumulated to age 45-49, the
variation at the last age cut is always small under usually encoun-
tered circumstances.
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38.

39,

40,

41.

.

About 97% of the squared variation, or about 86% of the absolute

‘ariation, is taken up by fitting a single time-independent cumulative
distribution. 3

>
While the robust measure of variance, s_., (see footnote 30) was

bi
not used in the fitting process in the work reported here, values of
& . . .
St of residuals for several sequences are included in Table | for
Hi
comparison.

No attempt has been made to pick "best fits."

With a folded linearizing re-expression (such as the folded square
root) which centers the distribution on its mean, the values at age
cuts near the center are changed relatively less than those at the

ends of the distribution in the process of re-expression. Therefore,
a residual of a given size, when it appears at the lowest or highest
age cuts, will have relatively less significance for the fitted distribu-
tion on the raw fraction scale than will a residual of the same size
when it occurs at one of the central age cuts. For example, with

the folded square root re-expression, a residual of 0.0l will have
its highest de-transformed value, 0.007, at the center of the cumu-
lated normalized fertility distribution and will have progressively
lower de-transformed value toward either tail of the distribution.

This inclusion has generally been considered problematic because
of high rates of premarital pregnancy.

The difficulties which many models have in fitting the tails of
fertility distributions have often been dismissed as relatively un-
important. Good fit in the tails may be of particular importance,
however, when total fertility is low or the age pattern of entry into
cohabitation is changing.

Tukey, op. cit. in footnote 7, pp.355-356, 398; Mosteller and Tukey,
op. cit. in footnote 8, pp.192-193.

These plots show as a box the interquartile range of the residuals
for each of the six age cuts 19/20 to 44/45, with location of the

median residual indicated by a bar. The relative positions of upper
and lower values within one interquartile distance of the upper and
lower quartiles are indicated by an x beyond each end of the box.
Outlying values within 1.5 times the interquartile distance of each
quartile are shown by empty circles, while residuals further out

are shown by shaded circles.
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42.

43.

44.

46.

49,
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When an appropriate compound non-linear smoothing procedure

(see Tukey, op. cit. in footnote 7, pp.205-264 and 523-542) is
applied to the residual vectors by age group to deemphasize irreg-
ular fluctuations, thus providing more sensitive detection of patterns
of co-variation, the tilts in the scatterplots persist, further sup-
porting the sense of some remaining underlying structure in the
small residuals.

A triple multiplicative model, in combination with the folded square
root re-expression and c - 12 in the weight function, does remove
the long stretches of residuals above or below the central interval,
but does not remove inter-age group structure as seen in scatter-
plots of the diminished residuals (Breckenridge, M. B., and Orav,
E.J., "An expanded EHR analysis of the age distribution of fertility"
(in preparation), which will combine results from Orav, op. cit. in

footnote 29, and parallel analysis and research by the present author).

Anscombe, F.J., 1967, "Topics in the investigation of linear rela-
tions fitted by the method of least squares,' Jour. Royal Statist.
Soc., B29, pp.ll1-52.

In EHR analysis of post-1869 single-year-of-age cohort data for
Sweden, lagged pattern persists in the residuals, suggesting that
factors in addition to age grouping and method of constructing the
cohort sequences must be sought.

This question receives further attention below (see page 64).
Breckenridge, unpublished.

where rank-two refers to the sum of two rank-one terms, and a
rank-one term is the product of a constant by a function of row alone
by a function of column alone.

A modification of a program written by Alison Pollack was used for
this procedure.

Tukey, J.W., 1977, "Transfactorial fits. The linear geometry in
the two-way case. "

For any one age group, the amount of change in f(a) on the raw
scale varies slightly and systematically over repeated increments
in B. to higher levels, holding a. constant, or over repeated

i i

increments in &, to higher levels, holding B, constant--a conse-
i i

quence of having used a non-linear re-expression of the data in the
fitting procedure.
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When one is considering less than all potential and functioning
activity states, e.g. the activity of married women only, or of

women above age 19 only, aﬂiA., expresses the tendency for activity
i B 1%

to be pulled toward the median age of ai Ai rather than to be dis-

tributed evenly beyond the first age group, whatever proportion of

activity is attributable to that first age group.

53. At times, such sub-populations will be readily identifiable ethnic,
religious, regional, or occupational groups. Widespread incidence
of highly intermittent activity, with varying causes, may also be
a significant source of diversity between women contributing to
spread of the aggregate distribution.

54. Breckenridge and Orav, loc. cit. in footnote 43.

n
n

A and B for all sequences are shown in Appendix B, Table B3.
i, il

56. Henry, loc. cit. in footnote 18. These schedules are considered to
represent the aggregate childbearing experience of couples when
their behavior affecting fertility is not influenced by the number of
children already born to them. Such distributions are, however,
recognized to reflect cultural and biological variations which may 1
not be age- and parity-independent.

5% - In the absence of '"control,’ M is interpreted as the level at which
natural fertility is experienced; in the presence of "control.” however,
Trussell reports that M appears to be a composite of several fac-
tors: not only the level of underlying natural fertility, but also func-

tions of total fertility or degree of control of fertility, and variations

in the distribution due to spacing at high levels of birth limitation. |
These factors, he concludes, elude separation with the existing

b models of age-specific marital fertility. (Trussell, T.J., 1977,
presented at the ITUSSP seminar on natural fertility, Paris, March
1977 )

58. Trussell (loc. cit. in footnote 57) discusses the need for modification
of v(a) to include a marriage-duration effect, and the problems of
doing this except in an overall fertility model.

59, The fact that Bi' is not pegged to any particular age may be of per-

ticular importance in describing fertility distributions such as those
in the Swedish time sequences, in which low order births influence

’ the distribution well above age 25 for most of the period analyzed.
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60. Mean number of children per woman for the ''natural' schedules
ranges from 10.9 to 6.2, compared to a high of 7.76 for MX20.

61. When Sundbérg's estimated age-specific marital fertility rates for
ages 20-49 for five-year periods, 1750-1890, are appended to the
68-single-year series for 1892-1959, and the whole sequence fitted
by the same EHR procedures used in this report, the 29 values of
o, and Bi covering the first 140 years fluctuate slightly around

the values of a. and B, for 1892-1894.
i

62. If the Coale model fits a schedule perfectly, the value of m will be
the same at all ages, indicating that the population follows the
standard age pattern of decline of fertility with uniform intensity.
The calculated values of m for these Swedish histories do show
variability with age for any given year and vary in different ways in
different periods, probably due, at least in part, to the effect that
changing age patterns of marriage and entry into childbearing have
had on the cross-sectional schedules.

63. A new procedure for determining a single value of m by regression
(A. J. Coale, personal communication) also emphasizes the shape
of the schedule over the central ages of childbearing and omits some
higher ages entirely. By removing dependence of M on age group
20-24 (but leaving vi(a) pegged to that age group), this procedure
provides for these Swedish schedules a time sequence of m with the
same pattern of variations as those in Fig. 10 but with values ranging |
from .2 to 1.7. All of these procedures appear, then, to pick up the
same pattern of change over time in these schedules. The EHR

standard form parameter f, appears, however, to register more
i

fully in a single parameter (see pages 41 and 42) the change in age
distribution of fertility associated with limitation of births than do
the Coale-Trussell procedures, which variously divide the force of
this change between m acting on v(a) and M acting on n(a),
depending on the method of determining m. This division may, in
some instances, be of consequence in the use of the Coale-Trussell
model fertility schedules, which incorporate the Coale model of
marital fertility except for omission of M:
f{a) = G(ain(aloln.wa)
where f(a) = age-specific overall fertility rate
G(a) = age-specific proportion ever-married,

To the extent that variable aspects of marital fertility would have P




6.

65.

66.

68.

been incorporated in M acting on n(al, these aspects would be
absorbed by G(a), thus attributing to the age pattern of marriage
some of the variation in the overall fertility distribution actually due
to marital fertility.

Total rate of marital fertility refers to the sum of age-specific rates |
{

for the five-year age groups, 2. f(a), expressed in the rate for |

j=1
women at age cut 49/50.

See Mosteller and Tukey, op. cit. in footnote 8, pp.268-270, for
discussion of this use of regression.

Impressions of change in marriage patterns are based on a summary
of some of Ewbank's findings for single-year birth cohorts of 1851 -
1922 (Ewbank, loc. cit. in footnote 14). To be consistent with the
designation for childbearing cohorts by five-year age group used
throughout the present work, the mean and variance of age at mar- 1
riage for cohorts aged 15-19 in a given year is taken here as the 1
average of Ewbank's values for the five cohorts comprising those

who became 15-19 in that year.

Year at Age 15-19 Age at Marriage l
plrange) g (range)
years vears

1876-1879 et (L=27: 61 6.62-6.60
1 880-1891 27.54-27.28 6.60-6.46
1892-1911 27.22-27.09 6. 53~6. 34
1912-1917 27 .25-21.63 6.64-7.09
1918-1921 27 T2 TS T.07-6.75
1922-1929 27.64-26.59 6.56-5.47
1930-1941 26.41-24.46 5¢3T1=%.58

Significant levels of widowhood or divorce at childbearing ages
would, of course, also add to the degree of positive skewness of
the overall fertility distribution.

This expression of mean number of children per married woman is
synthetic first of all in the same sense as is the cross-sectional TFR
(expressed by (XTj(5)): it sums the fertility experience of women in
a number of different age cohorts at a given time as if this were the
childbearing experience of a single cohort over time. The expression
is synthetic in a second sense also: it sums at a given time the fer-
tility experience by age of those women who were then married, as

if all of these women had been in a single marriage cohort which
started childbearing at age 15-19 and bore children at each age at

the same rate as did those who were actually married at that age.
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Further work shows that both a legitimate fertility sequence and a
"married or actively cohabiting'' sequence can be as well fit by EHR
analysis as can the overall and marital fertility sequences analyzed
here (Breckenridge, unpublished).

Recall that two triangles of incomplete cohorts are omitted--one at
the beginning of the sequence, one at the end--so that a matrix of
185 years provides 155 complete cohorts.

Breckenridge and Orav, loc. cit. in footnote 43.

The comparability of X20 and C20 time parameters can be estab-
lished in the same way from the appropriate pairs of A:f and B1 age

J ]
vectors, which are shown for all sequences in Appendix B, Table BZ2.

The 1942-1945 aberration in a, for both X15 and X20 and the post-
1

1950 rise in this parameter for X15 have already been noted in the
shorter time sequences, XXI15 and XX20 (see page 36 ).

There, after 1909, only the cohorts of 1914, 1917, 1918, 1920 and
1921 fit the model without definite departure for at least one age cut.

Ewbank, loc. cit. in footnote 66.
Hofsten and Lundstrom, op. cit. in footnote 10.
The year 1792 is notable for the assassination of King Gustavus III

after a period of political unrest. Severe famine is variously
recorded for years from 1780 to 1785. (Thomas, D.S., 1949, Social

and Economic Aspects of Swedish Population Movements, 1750-1933,

New York: Macmillan, pp.81-88, 102-108, identifies 1780-1783 and
1785 as years of major crop failures. Utterstrom, G., 1954, '""Some
population problems in pre-industrial Sweden,'" Scandinavian

Economic History Review 2, pp.103-165, questions the harvest

index which was Thomas' criterion, and identifies 1783-1785 as

famine years.) Whether these circumstances affected the actual
level and age distribution of births in the years in question, or
whether they led to errors in population estimates or in recording
of births is open to investigation.
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Fige« 1. Time sequence plot of residuals by age cut from EHR fitting

(with ¢ =6 in the biweight) of fij = aiAj 4 piBj to the croas-

sectional age 20-49 overall fertility sequence, 1775-1959 (with
data expressed on the raw fraction scale).
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Fig. 2. Schematic plots of residuals by age cut (folded square root scale)

from EHR fitting of Fi)’ = aiAj + BIBJ. to the cohort age 15-49
overall fertility sequence, 1775-1929.
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